Genes coding for phosphoribulokinase (PRK), a key enzyme of the Calvin cycle, were localized in the genome of the chemoautotroph Akaligenes eutrophus. The NH2-terminal sequence of the PRK subunit was determined. With a synthetic oligodeoxynucleotide probe complementary to a portion of this sequence, hybridization analysis revealed PRK genes to be located on both the chromosome and the megaplasmid pHG1 ofA. eutrophus H16.
Autotrophic CO2 fixation in the aerobic, facultatively chemolithoautotrophic hydrogen bacterium Alcaligenes eutrophus proceeds via the Calvin cycle, involving the action of the two key enzymes phosphoribulokinase (PRK) and ribulose-1,5-bisphosphate carboxylase-oxygenase (RuBisCO). A 450-kilobase (kb) self-transmissible plasmid, pHG1, contained in A. eutrophus H16 (DSM 428, ATCC 17699) has been shown to carry essential information for the ability of the organism to oxidize molecular hydrogen (6) (7) (8) . Plasmid-cured mutants derived from this and related strains that failed to grow lithoautotrophically with hydrogen and CO2 retained a capacity for CO2 assimilation when growing organoautotrophically with formate (2, 7) . Thus, genes encoding the subunits of PRK and RuBisCO (cfx genes) are present on the chromosome of the organism. These findings did not, however, rule out the possibility of functional cfx genes coded for also on plasmid pHG1. In an initial attempt to localize these genes, we chose the PRK gene that has not yet been identified in any autotroph. This study presents evidence obtained by hybridization analysis with a synthetic PRK-specific oligodeoxynucleotide probe for a chromosomal as well as a plasmid location for PRK genes in A. eutrophus.
PRK from A. eutrophus has been well characterized. The enzyme, an octameric protein of relative molecular mass 256,000 (256K), consists of identical 33K subunits (14, 15) . One possible way to obtain a specific probe for localizing the PRK gene(s) in the genome of the organism was to determine the NH2-terminal amino acid sequence of the enzyme subunit and subsequently to design a mixed-sequence oligodeoxynucleotide probe complementary to a suitable portion of the protein. The enzyme was purified to homogeneity from cells grown lithoautotrophically with hydrogen and CO2 as described previously (15) . After coupling of the protein (about 4 nmol) via 1,4-phenylene diisothiocyanate to amino glass (17) , sequence determination was performed by automated solid-phase Edman degradation with 4-N,Ndimethylaminoazobenzene 4'-isothiocyanate-phenyl isothiocyanate (13) . Sequence analysis yielded the first 17 amino acids from the NH2 terminus of the polypeptide, with the NH2-terminal residue not being identified (Fig. 1) . These are the first sequence data reported for any PRK. Since there were no heterogeneities in the residues observed in this part * Corresponding author. of the sequence, this finding is consistent with earlier evidence for the chemical identity of the PRK subunits (14) .
The sequence was scanned for stretches that would give a mixture of oligonucleotides with the least degeneration regarding the third codon position and with sufficient length of the oligomers to be successfully used in hybridization experiments. Residues 4 through 8 satisfied these requirements best. A 14-base oligonucleotide mixture (synthesized by P-L Biochemicals, Inc.) complementary to the noncoding strand of the respective part of the PRK gene was derived (Fig. 2) . It contained 72 oligomers of differing nucleotide sequences with an average G + C content of 40.5 mol%.
Total DNAs from wild-type strain H16 and from plasmidcured mutant HF33, derived from strain H16, were then isolated according to the method of Marmur (11) (Fig. 3) . Whereas wild-type DNA contained two hybridizing fragments in each of the restriction digests, only one of the corresponding fragments was observed in mutant DNA (Fig. 3 , lanes a through f). Thus, one set of fragments (11-kb EcoRI, 1.8-kb PstI, and 3.8-kb Sail) hybridizing with the PRK gene-directed oligonucleotides originated from plasmid pHG1. The chromosomal fragments (12-kb EcoRI, 1.7-kb PstI, and 3.0-kb Sall) hybridized with markedly lower intensity, indicating possible homology differences between these and the plasmid fragments with respect to the probe. A few hybridization bands of very low intensity that are considered not to be specific for PRK were also detected. Washing the membranes at 32 instead of 37°C did not qualitatively change this pattern, although complete disappearance of all hybridization bands occurred at 42°C (data not shown). As expected, there was only very weak, presumably unspecific hybridization with DNA from the heterotrophic bacterium E. coli (Fig. 3, lane  g ), which does not possess the key enzymes of the Calvin 1  5  10  X-GLU-ARG-TYR-PRO-ILE-ILE-ALA-ILE-THR-15  GLY-SER-SER-GLY-ALA-GLY-THR 4 -N,Ndimethylaminoazobenzene 4'-thiohydantoins were determined by two-dimensional thin-layer chromatography on polyamide (3) and, in addition, by high-pressure liquid chromatography on reversed phase with a methanol gradient (4). The thiohydantoins of leucine and isoleucine were differentiated by high-pressure liquid chromatography with an isocratic acetonitrile system (9) . The numbers refer to the positions of the residues in the polypeptide chain. Friedrich; vector plasmid pSUP202 [16] was used to construct the gene bank), which is known to contain the unique 11-kb EcoRI fragment of pHG1, was digested with EcoRI or PstI and used for comparative hybridizations with the probe.
The results (Fig. 3 , lanes h and i) confirmed the identity of the hybridizing EcoRI fragment and also indicated that the 1.8-kb PstI fragment is a part of the former fragment.
To verify the specificity of the observed hybridizations, we prepared the 1.8-kb PstI fragment, by methods described by Maniatis et al. (10) , after restriction digestion of the isolated 11-kb EcoRI fragment. The PstI fragment was 32P-labeled by nick translation (12) and used to probe EcoRI-, PstI-, or Sall-digested DNA from wild-type strain H16 and mutant HF33. Restriction-digested hybrid plasmid pCH122 was also included in these experiments. The similarity of the hybridization patterns (Fig. 4) with those obtained by probing with the oligonucleotides (Fig. 3) is striking. Essentially the same-sized plasmid and chromosomal fragments hybridized to the 1.8-kb PstI probe with comparably strong intensity. The only hybridizing fragment in Sall-digested pCH122 is 3.8 kb in size (Fig. 4, lane i) and is apparently identical with the corresponding fragment in total DNA of strain H16. In fact, restriction mapping studies have shown that both the 1.8-kb PstI and the 3.8-kb Sall fragments are internal to the 11-kb EcoRI plasmid fragment. The PstI fragment is completely contained in the Sall fragment (data not shown).
In conclusion, we localized PRK genes in the genome of A. eutrophus H16 and detected a copy of it on the chromosome and on the megaplasmid pHG1 by means of hybridization with a specific synthetic oligonucleotide probe. The chromosomal and plasmid PRK genes probably have a high degree of homology as judged from cross-hybridizations with the 1.8-kb PstI plasmid fragment (Fig. 4) . However, there are possibly sequence differences between the genes in the region coding for the NH2 terminus of the enzyme (Fig.  3) . The finding of reiterated PRK genes in the genome of A. eutrophus H16 is in accord with our previous results providing evidence for involvement of pHG1 in the expression of PRK and RuBisCO. Unlike the wild type, deletion mutants lacking the 11-kb EcoRI fragment (sized before at 12.4 kb [2] ) of pHG1 no longer derepressed the synthesis of both enzymes under heterotrophic growth conditions (2) . This suggested that both PRK and RuBisCO may be coded for not only on the chromosome but also on plasmid pHG1. In fact, we recently obtained direct evidence for functional plasmid copies of the cfx genes. A plasmid-cured strain whose chromosomal cfx genes were inactivated by mutagenesis with transposon TnS regained the ability for autotrophic growth on transfer of pHG1 into the mutant cells (U. (Fig.  3) . DNAs from wild-type strain H16 (lanes a through c), plasmidcured mutant HF33 (lanes d throuh f), and hybrid plasmid pCH122 (lanes g through i) were digested with EcoRI (lanes a, d, and g), PstI (lanes b, e, and h), or SalI (lanes c, f, and i). Separation of the fragments on a 0.8% (wt/vol) agarose gel (10 ,ug of total DNA or 1 ,ug of pCH122 per lane) was followed by blotting onto nylon membranes and subsequent hybridization at 65°C for 24 h with the probe labeled with 32P by nick translation to a specific activity of 1 mCi (37 MBq) Membranes were washed once in 5x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at room temperature, twice in 5x SSC-1% (wt/vol) sodium dodecyl sulfate at 65°C, and once in 2.5x SSC at room temperature. The size of the hybridizing fragments is indicated in kilobases.
at present investigating the organization and regulation of the two sets of cfx genes in strain H16. One major question concerns the differential expression of the gene sets under various conditions of autotrophic and heterotrophic growth.
